N i wa and Chang [1] studied the in vitro fertilization of rat follicular oocytes recovered at various times before and after ovulation in relation to the stage of maturation. They showed that the rates of fertilized ova and 2-cell stage embryos were very low in the follicular oocytes recovered at 0 to 6 h after injection of human chorionic gonadotropin (hCG) or the stage of metaphase I. In addition, when these oocytes were cultured in modified Krebs-Ringer solution (mKRB) for 7 to 13 h (total 13 h in vivo plus in vitro periods), the fertilization rates were about 20% [1] or below 40% [2] , and the rates of 2-cell embryos were also low (14.4-17.7%) [2] . Low fertilization rates of rat oocytes in vitro were also noted in other reports [3] [4] [5] [6] . DeFelici et al. [7] have indicated that addition of porcine or human follicular fluid to the maturation medium of mouse oocytes inhibits hardening of the zona pellucida (Zp-h), an important factor in the production of low fertilization rates. Recently, Vanderhyden and Armstrong [8] have noted that addition of rat serum or rat follicular fluid (rFF) to Eagle's minimum essential medium (MEM) had beneficial effects on subsequent fertilization and development into the 2-cell stage of rat follicular oocytes. Naito et al. [9, 10] have noted that the rates of the male pronucleus formation and early cleavage of pig ova in vitro were improved when the oocytes were matured in porcine follicular fluid (pFF).
The present study was performed to determine the effects of pFF added to the maturation Maturation culture
Approximately 10 F-0, F-4 and F-8 oocytes were transferred into 0.4 ml mKRB solution with or without pFF under mineral oil (Sqib & Sons, Inc., Princeton, NJ, USA), and cultured for 12, 8, and 4 h (total 12 h in vivo plus in vitro periods). These oocytes were incubated under a condition of 5% CO2 and 95% air at 37C. At oocytes recovery and the end of maturation culture, the stage of maturation division were examined by wholemount preparation fixing with 10% formalin for 8 to 10 h after prefixitation with 2.5% glutaraldehyde for about 10 minutes, and stained with 0.25% acetic lacmoid. Table 2 . Maturation division of rat follicular oocytes in vivo and in vitro injection showed metaphase I, and 87% of the oocytes attained to metaphase II (M-II) at 12 h after hCG injection (Table 2) . When F-0 to F-8 oocytes were cultured in mKRB alone for 12 to 4 h, the proportion of M-II oocytes was 85-90%. Similar results were obtained in oocytes cultured in mKRB solution with 10% pFF (86-95%). There were no significant differences between the oocytes cultured in mKRB with and without pFF, and that matured in vivo.
Discussion
In the present study, the fertilization rates of oocytes matured in mKRB alone were lower than those of mKRB with pFF. Lower rates of fertilization have been observed in oocytes cultured in serum-free media in rats [1] [2] [3] [4] [5] 8 ] and mice [12] [13] [14] [15] . In the mouse, this may have resulted from lower sperm-penetration due to Zp-h during in vitro maturation culture [7, 13, 16, 17] . On the Zp-h of rat oocytes, Zhang et al. [17] have demonstrated that the zona pellucida became resistant to chymotrypsin digestion after in vitro culture with serum-free medium, and that this resistance increased markedly after culture for 6 to 8 h. Decreased fertilization rates in mouse oocytes also occurred from increasing culture periods without addition of fetal calf serum [18] . Fertilization rates rose with increasing recovery times after hCG injection in the present study. This may have largely resulted from the different degrees of Zp-h due to the different culture periods in mKRB alone for 4 to 12 h. The stages of maturation of oocytes may affected, in part, on these rates. According to some reports in rat [1] and mouse [15] , fertilizing and developmental capacity of oocytes matured in mKRB alone rose at prometaphase I or further stages. Presence of serum in the maturation media improves subsequent fertilization rates in the oocytes of rats [5, 8] and mice [12] [13] [14] [15] 18] . In the present study, fertilization rates increased markedly to 80.5-87.6% when F-0 to F-8 oocytes were matured in mKRB solution with pFF and fertilized in pFF-free medium. These our results are higher than those of previous reports The present study showed lower rates of development into the 2-cell stage (24.6-54.8%) in oocytes matured in mKRB alone. However, the rates of 2-cell embryos increased (75.8-78.2%) when oocytes were cultured in mKRB with pFF. This values are higher than those of previous reports [2, 4, 5]. Vanderhyden and Armstrong [8] showed that when addition of 10 or 20% rat serum to the MEM maturation medium, the rates of 2-cell embryos was 82.9 or 81.8% of fertilized ova (estimated to be 45.9 or 57.1% of oocytes cultured). They also obtained the 2-cell embryos of 42.3 or 71.0% of fertilized ova (32.4 or 62.0% of oocytes cultured) in oocytes matured in MEM with 50 or 25% rFF. Our results seem to be higher than their data [8] . We found that all or almost sperm-penetrated ova were fertilized and approximately 90% of these ova developed into the 2-cell stage. Therefore, high incidences of fertilization, and development in the present study were consequent of an increased sperm-penetration rates.
When F-0 to F-8 oocytes were cultured in mKRB with or without pFF for 12 to 4 h, the maturation of these oocytes progressed in the same pattern and no differences from in vivo. This pFF action appears to be non-specific for rat oocytes.
